(19) 



J 



Europdisches Patentamt 
European Patent Office 
Office europ6en des brevets 



(11) 



EP 0 977 354 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

02.02.2000 Bulletin 2000/05 

(21) Application number: 99905284.8 

(22) Date of filing: 19.02.1999 



(51) Int. CI 7 : H03G 3/20, H04B 1/04 

(86) International application number: 
PCT/JP99/00801 

(87) International publication number: 

WO 99/43083 (26.08.1 999 Gazette 1 999/34) 



(84) Designated Contracting States: 


• HAGIWARA, Seiji 


DE GB SE 


Yokosuka-shi, Kanagawa 237-0063 (JP) 




• TAKAMI, Tadao 


(30) Priority: 19.02.1998 JP 3762698 


Yokosuka-shi, Kanagawa 238-0026 (JP) 


(71) Applicant: 


(74) Representative: 


NTT MOBILE COMMUNICATIONS NETWORK 


Hoffmann, Eckart, DipJ.-lng. 


INC. 


Patentanwalt, 


Minato-ku, Tokyo 105-8436 (JP) 


Bahnhofstrasse 103 


(72) Inventors: 


82166 GrSfelfing (DE) 


• KAN EDA, Ryuusuke 




Yokohama-shi, Kanagawa 232-0063 (JP) 





< 

LO 
CO 

I s *- 

o 
Q. 

in 



(54) AMPLIFIER FOR RADIO TRANSMISSION 

(57) In a radio transmission amplifier unit which has 
between input and output terminals a gain-controlled 
amplifier 1 1, a pre-amplifier 12 connected to the output 
thereof and a main amplifier 13 supplied with the output 
therefrom, the range of the transmitting power level is 
divided into small, medium and large regions. In the 
small transmitting power level region, the power supply 
to the pre- and main amplifiers is cut off by power-sup- 
ply switches 28 and 29 and the output of the gain-con- 
trolled amplifier 11 is connected to a terminal 14 via 
switches 15, 18 and 19; in the medium transmitting 



power level region, the power-supply switch 28 is turned 
ON and the switch 29 OFF to connect the switch 15 to 
the pre-amplifier and the output of the pre-amplifier is 
connected to the terminal 14 via switches 21 and 19; 
and in the large transmitting power level region, the 
power-supply switches 28 and 29 are turned ON to con- 
nect the switch 15 to the pre-amplifier, a switch 16 is 
connected to the main amplifier, and the output of the 
main amplifier is connected to the terminal 14 via the 
switch 19. 




0TO255 



^13D 



I1U W\y l*x ID -» 




FIG. 4 



Primed by Xerox (UK) Business Services 
2.16.7/3.6 



1 



EP0 977 354A1 



2 



Description 
TECHNICAL FIELD 

[0001 ] The present invention relates to a radio trans- 5 
mission amplifier, unit for use, for instance, in a mobile 
communication system that requires substantial control 
of the transmitting power from each mobile station. 

PRIOR ART w 

[0002] For example, in a CDMA-based mobile com- 
munication system the base station sends a transmit- 
ting power control signal to respective mobile stations to 
control their transmitting powers so as to make the 15 
receiving levels of transmitting waves from any mobile 
stations substantially constant regardless of the dis- 
tances between the mobile stations and the base sta- 
tion, thereby reducing interference that is attributable to 
the difference in receiving level among channels 20 
assigned with different spreading codes. 
[0003] In Fig. 1 A there is depicted a conventional radio 
transmission amplifier unit that forms part of a radio 
transmitter of a mobile station. The radio transmission 
amplifier unit has a variable gain-controlled amplifier 25 
(GCA) 11, a pre-amplifier 12 and a main amplifier 13. 
An input signal from an input terminal 10 is amplified by 
GCA 1 1 , then its output is amplified by the preamplifier 
12, and the amplified output is further amplified by the 
main amplifier 13 having a gain larger than that of the 30 
pre-amplifier 12, thereafter being provided to an output 
terminal 14. Though different according to its kind, the 
mobile station performs transmission, for example, with 
a maximum rated transmitting power of 0.3 W, normally, 
tens of milliwatts or so, for instance. Upon each recep- 35 
tion of a transmitting-power-increase control signal from 
the base station, the mobile station controls GCA 1 1 to 
increase the transmitting power by a predetermined 
gain (dB), whereas, upon each reception of a transmit- 
ting-power-decrease control signal, it controls GCA 1 1 40 
to decrease the transmitting power by a predetermined 
gain (dB). 

[0004] Fig. 1 B shows, by way of example, an increase 
in the transmitting power controlling degree and varia- 
tions in the operation efficiency of such a radio trans- 45 
mission amplifier unit by repeated reception of the 
transmitting-power-increase control signal. The conven- 
tional radio transmission amplifier unit is so designed as 
to provide maximum efficiency when the transmitting 
power is at the maximum as shown in Fig. 1 B. Conse- so 
quently, when the transmitting power is low, the opera- 
tion efficiency considerably decreases, resulting in a 
waste of power. This is particularly detrimental to a 
mobile station that uses a battery as the power supply 
as in the case of a portable telephone. 55 
[0005] An object of the present invention is to provide 
a radio transmission amplifier unit which retains high 
efficiency even during its operation with a transmitting 



power smaller than the rating. 
DISCLOSURE OF THE INVENTION 

[0006] According to a first aspect of the present inven- 
tion, a radio transmission amplifier unit, which amplifies 
a signal fed to an input terminal and provides it to an 
output terminal, is constructed to comprise: 

a plurality of amplifiers provided between said input 
terminal and said output terminal and each having 
a power-supply terminal; 

power supply means for supplying power to said 
plurality of amplifiers; 

power-supply switching means for selectively con- 
necting said power supply means to the power-sup- 
ply terminals of said plurality of amplifiers to supply 
thereto power; 

route switching means for switching the cascade 
connection of said plurality of amplifiers to connect 
the output of a selected one of said amplifiers to 
said output terminal; and 

control signal generating means for generating 
switch control signals which specify the states of 
connection by said power-supply switching means 
and said route switching means in accordance with 
a transmitting power controlling degree correspond- 
ing to the transmitting power level and for applying 
said switch control signals to said power-supply 
switching means and said route switching means, 
respectively. 

[0007] The radio transmission amplifier unit according 
to said first aspect of the invention may also be con- 
structed so that first and second bias voltages are 
selectively supplied by a bias select switching means 
from said power supply means to the input sides of said 
plurality of amplifiers. 

[0008] According to a second aspect of the present 
invention, a radio transmission amplifier unit, which 
amplifies a signal fed to an input terminal and provides 
it to an output terminal, is constructed to comprise: 

a plurality of amplifiers connected in cascade 
between said input terminal and said output termi- 
nal, each amplifier having a power supply terminal; 
power supply means for outputting at least first and 
second bias voltages; 

bias select switching means for selectively applying 
either one of said first and second bias voltages to 
the input sides of said plurality of amplifiers to 
thereby selectively set their operating points; and 
control signal generating means for generating a 
bias control signal which controls the selection of 
said bias select switching means in correspond- 
ence to the transmitting power level. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] 

Fig. 1 A Is a diagram depicting a radio transmission 
amplifier unit in a conventional radio transmitter; 
Fig. 1 B is a graph showing the operation efficiency 
of the amplifier unit with respect to the transmitting 
power controlling degree; 

Fig. 2A is a connection diagram depicting three 
amplifiers and switches for switching their connec- 
tion in a first embodiment of the radio transmission 
amplifier unit according to the present invention; 
Fig. 2B is a diagram showing, in a simplified form, a 
signal path in Fig. 2A; 

Fig. 3A is a conceptual diagram depicting to gen- 
eral relationship of the transmitting power to its con- 
trolling degree; 

Fig. 3B is a graph showing gain variations between 
route points B and D with respect to the transmitting 
power controlling degree with the connection of the 
three amplifiers selectively switched in the first 
embodiment of the present invention illustrated in 
Fig. 2A; 

Fig. 3C is a graph showing gain variations of a gain- 
controlled amplifier 1 1 with the switches changed 
over in the first embodiment; 
Fig. 3D is a graph showing variations in efficiency 
with respect to the transmitting power controlling 
degree with the switches changed over in the first 
embodiment; 

Fig. 4 is a diagram illustrating a first embodiment of 
the radio transmission amplifier unit according to 
the present invention; 

Fig. 5 is a diagram depicting examples of stored 
contents of a control signal generator 25 formed by 
a memory in Fig. 4; 

Fig. 6A is a connection diagram illustrating an 
example in which an amplifier 12 or 13 is formed by 
an FET; 

Fig. 6B is a graph showing a drain current vs. drain- 
source voltage characteristic and load curves, for 
explaining how to reduce dissipation current by 
gate bias control of the FET amplifier in Fig. 6A; 
Fig. 7 is a block diagram illustrating a second 
embodiment of the present invention; 
Fig. 8A is a graph showing the relationship of the 
transmitting power to its controlling degree in Fig. 7; 
Fig. 8B is a graph showing, by way of example, gate 
bias voltages for the amplifiers 12 and 13 in three 
regions of the transmitting power controlling degree 
in Fig. 7; 

Fig. 8C is a graph conceptually showing the opera- 
tion efficiency by control in Fig. 8B; 
Fig. 9 is a block diagram illustrating a third embodi- 
ment of the radio transmission amplifier unit 
according to the present invention; 
Fig. 1 0A is a graph showing bias voltage control for 



the amplifiers 12 and 13 in Fig. 9; 
Fig. 1 0B is a graph showing an example of effi- 
ciency with respect to the transmitting power con- 
trolling degree; 

5 Fig. 1 1 is a diagram depicting an example of a dis- 
tortion compensating arrangement of an amplifying 
section; 

Fig. 12 is a graph showing how distortion is com- 
pensated for, and 
10 Fig. 13 is a block diagram illustrating another 
embodiment of the present invention adapted for 
distortion-compensated, low-power-consumption 
transmission. 

75 BEST MODE FOR CARRYING OUT THE INVENTION 

[001 0] In Fig. 2A there are depicted amplifiers 11,12 
and 13 and switches 15, 16, 18, 19, 21 and 22 for selec- 
tively switching them in or out of a signal path in a first 

20 embodiment of the radio transmission amplifier unit 
according to the present invention, the parts corre- 
sponding to those in Fig. 1A being identified by the 
same reference numerals. The switch 15 is connected 
in series between the output end 1 1 ou of the gain-con- 

25 trolled amplifier 11 and the input end 12 [n of the pre- 
amplifier 12, and the switch 16 is connected in series 
between the output end 12 ou of the pre-amplifier 12 and 
the input end 13j n of the main amplifier 13. Provision is 
made for connecting a selected one of the output ends 

30 11 0U1 12 0U and 13^ of the amplifiers 11, 12 and 13 by 
select switching means to the output terminal 14. To this 
end, in the illustrated embodiment the switch 15 is 
formed by a change-over switch, which has its movable 
contact connected to the output end 1 1 ou , its one fixed 

35 contact 15a connected to the input end 12 ln and its 
other fixed contact 15b connected via a switch 1 8 to one 
fixed contact 19a of a change-over switch 19, which, in 
turn, has its movable contact connected to the output 
terminal 14 and its other fixed contact 19b connected to 

40 the output end 1 3 0U . Further, the output end 1 2^ is con- 
nected via a switch 21 to the fixed contact 19a. 
[001 1 ] When connecting the change-over switch 1 5 to 
the fixed contact 1 5b and turning ON the switch 1 8 while 
connecting the change-over switch 19 to the fixed con- 

45 tact 1 9a, the output end 1 1 ou is connected to the output 
terminal 14; then, when changing over the switch 15 to 
the fixed contact 1 5a and turning ON the switch 21 , the 
output end 12 ou is connected to the output terminal 15; 
and when connecting he change-over switch 19 to the 

so fixed contact 1 9a and turning ON the switch 1 6, the out- 
put end 13 ou is connected to the output terminal 14. 
That is, the switches 15, 18, 19 and 21 constitute select 
switch means. 

[001 2] Furthermore, the example of Fig. 2A is adapted 
55 so that the fixed contact 15b of the change-over switch 
15 can be connected via the switch 22 to the input end 
13 jn of the main amplifier 13 to connect thereto the out- 
put end 1 1^ of the gain-controlled amplifier 1 1 so as to 
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bypass the pre-amplifier 12. Hence, by connecting the 
change-over switch 15 to the fixed contact 15b, then 
turning OFF the switch 16 and ON the switch 22, and 
connecting the change-over switch 19 to the fixed con- 
tact 1 9b, the output from the gain-controlled amplifier 1 1 5 
bypasses the pre-amplifier 12 and is fed to the main 
amplifier 13, thereafter being amplified and then pro- 
vided to the output terminal 14. The switches 15, 16 and 
22 constitute bypass switch means. 
[0013] That is, letting the input terminal 10 be repre- 
sented by A, the connection point of the amplifiers 1 1 
and 1 2 by B, the connection point of to amplifiers 1 2 and 
13 by C. the output terminal 14 by D, the route that 
bypasses the pre-amplifier 12 by B-E-F-C and the route 
that bypasses the main amplifier 13 by C-F-G-D as 
depicted in Fig. 2B, the amplifier unit of Fig. 2A can take 
any one of routes A-B-C-D, A-B-C-F-G-D and A-B-E-F- 
G-D. However, rf the pre- and main amplifiers 12 and 13 
have not so much different characteristics, there will be 
no large difference between characteristics of the 
routes which bypass the pre- and main amplifiers 12 
and 13, respectively; therefore, there is no practical 
need for bypassing the pre-amplifier 12. In such an 
instance, to switch 22 is not provided and the switch 18 
is normally held ON, i.e. connected. Accordingly, the 
amplifier unit has three selectable states of use, that is, 
a state in which only the amplifier 1 1 is made active, a 
state in which the amplifiers 1 1 and 12 are made active, 
and a state in which the amplifiers 1 1 , 12 and 13 are all 
made active. On the contrary, when the characteristics 
of the pre- and main amplifiers 12 and 13 greatly differ, 
the switches 18 and 22 are provided, making it possible 
to bypass the pre-amplifier 12. In this case, a state in 
which the amplifiers 1 1 and 13 are made active is added 
to the abovementioned three states of use; namely a 
total of four states of use are selectable. The following 
description will be given of the case of selecting from 
the former three states of use. 
[001 4] In the present invention, the transmitting power 
controlling degree is divided into three regions, i.e. 
small, medium and large regions (I), (II) and (III) corre- 
sponding to the three amplifiers 11,12 and 13, respec- 
tively, as depicted in Fig. 3A; in the small transmitting 
power controlling region (I) the switch 15 in Fig. 2A is 
connected to the terminal 15b, the switch 18 is turned 
ON, the switch 19 is connected to the terminal 19a, and 
the switches 21 and 22 are turned OFF, whereby the 
route A-B-E-F-G-D in Fig. 2B is formed. As a result, only 
the gain-controlled amplifier 11 is actuated and the 
power supply to the pre- and main amplifiers 12 and 13 
is turned OFF. Accordingly, in this region (I) the gain 
between the route points B and D is 0 dB, and the trans- 
mitting power in Fig. 3A is determined only by the gain 
of the gain-controlled amplifier 1 1 depicted in Fig. 3C. 
[001 5] In the medium transmitting power control vari- 
able region (II), the switch 15 in Fig. 2A is connected to 
the terminal 15a, the switches 16, 18 and 22 are turned 
OFF, the switch 19 is connected to the terminal 19a and 



the switch 21 is turned ON, whereby the route A-B-C-F- 
G-D is formed. As a result, the amplifiers 1 1 and 12 are 
made active and the power supply to the amplifier 13 is 
turned OFF. Accordingly, in this region (II) the gain 
between the route points B and D becomes a constant 
gain by the pre-amplifier 12, and by changing the gain of 
the gain-controlled amplifier 1 1 as shown in the region 
(II) in Fig. 3C, the output characteristic in the medium 
region (II) depicted in Fig. 3A is obtained. At the instant 
of switching from the region (I) to the region (II) the gain 
of GCA 11 is reduced byte gain Gj of the amplifier 12 
that is added in the region (II), by which the transmitting 
power characteristic in Fig. 3A can be made to continue 
from the region (I) to the region (II). 
[0016] In the large transmitting power controlling 
region (III) the switch 15 in Fig. 2A is connected to the 
terminal 15a, the switch 16 is turned ON, the switch 19 
is connected to the terminal 19b and the switches 21 
and 22 are turned OFF, whereby the route A-B-C-D is 
formed. As a result, all the amplifiers 1 1, 12 and 13 are 
made active. Accordingly, the gain between the route 
points B and D in this region becomes a constant gain 
that is determined by the sum of the gains of the ampli- 
fiers 12 and 13 as depicted in Fig. 3B; by changing the 
gain of the gain-controlled amplifier 1 1 as shown in the 
region (III) in Fig. 3C, the output characteristic in the 
region (III) in Fig. 3A is obtained. At the instant of 
switching from the region (II) to the region (III), the gain 
of the gain-controlled amplifier 1 1 is reduced by the gain 
G2 of the amplifier 13 that is added in the region (II), the 
transmitting power characteristic in Fig. 3A can be 
made to continue from the region (II) to the region (III). 
[001 7] The efficiency of the radio transmission ampli- 
fier unit in the three regions (I), (II) and (III) is such as 
depicted in the corresponding regions in Fig. 3D; in the 
small output region (I) the power supply to the amplifiers 
1 2 and 1 3 is held OFF and in the medium output region 

(II) the power supply to the amplifier 13 is held OFF-this 
reduces power consumption in either region and 
enhances the efficiency of the radio transmission ampli- 
fier unit as compared with that in the past. 

[0018] To implement such control, a control signal 
generator 25 formed, for example, a memory, is pro- 
vided as depicted in Fig. 4; the control ranges of the 
transmitting power controlling degree shown in Fig. 3A 
are made to conespond to address values 0 through 
255 of the memory 25; there are prestored at each 
address a preset gain of the gain-controlled amplifier 1 1 
for the corresponding transmitting power controlling 
degree and connection control signals for the switches 
15, 16, 18, 19,21,22, 28 and 29 in the region (I), (II), or 

(III) to which the transmitting power controlling degree 
belongs. There is provided an up-down counter 24 that 
counts up or down upon each application thereto of the 
output increase or decrease control signal. The count 
value of the up-down counter is used as an address cor- 
responding to the transmitting power controlling degree 
to access the memory (control signal generator) 25, 
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from which are read out a gain value control signal 32 
for setting the corresponding gain in the gain-controlled 
amplifier 1 1 , a switching control signal group 26 for con- 
trolling the switches 15, 16, 18, 19. 21 and 22, and an 
amplifier ON/OFF signal group 31 for making the pre- 
and main amplifiers 12 and 13 operative or inoperative, 
that is, for effect ON-OFF control of power-supply 
switches 28 and 29 inserted between a battery 27 and 
operating power-supply terminals 12D and 13D of the 
pre- and main amplifiers 12 and 13, respectively. In 
response to these switching control signals the respec- 
tive switched are turned ON and OFF to effect ON/OFF 
control of the power supply to the amplifiers 12 and 13, 
and the gain for the gain-controlled amplifier 1 1 is set. 
[0019] That is, as shown in Fig. 5, the control signal 
generator 25 has prestored, for example, in its area of 
the address 255 corresponding to the maximum trans- 
mitting power controlling degree in the region (III) a 
switching control signal group for controlling the respec- 
tive switches to choose the route A-B-C-D in Fig. 2B, an 
amplifier ON/OFF signal for turning ON the power sup- 
ply to the main amplifier 13 and turning ON the pre- 
amplifier 12, and a gain control signal that maximizes 
the gain of the gain-controlled amplifier 1 1 within a vari- 
able range. In the area of the address 0 corresponding 
to the minimum transmitting power controlling degree in 
the region (I), there are stored a switching control signal 
group for controlling the respective switches to choose 
the route A-B-E-F-G, a signal for turning OFF the oper- 
ating power supply to the pre- and main amplifiers 12 
and 13, and a gain control signal that minimizes the gain 
of the gain-controlled amplifier 1 1 within the variable 
range. 

[0020] Simply by setting the required transmitting 
power controlling degree as an address in the control 
signal generator 25 as described above, it is possible to 
effect complex switching control of the switches 15. 16, 
18. 19, 21 and 22, ON/OFF control of the power-supply 
switches 28 and 29 and the setting of the gain for the 
gain-controlled amplifier 11. 

[0021 ] Either of the pre- and main amplifiers 1 2 and 1 3 
can be formed by such an FET amplifier as depicted in 
Fig. 6A. An input from an input terminal 41 is fed via a 
matching circuit 42 to the gate of an FET 43, the source 
of the FET 43 is grounded, and an amplified signal is 
provided from its drain is provided via a matching circuit 
44 to an output terminal 45. A drain bias V d is applied 
via a high-frequency cut-off coil 46 to the drain of the 
FET 43, and a gate bias (input-side bias) V g is applied 
via a high-frequency cut-off coil 47 to the gate. 
[0022] As shown in Fig. 1 0A, according to an ordinary 
amplifier biasing method, an operating point a on a load 
line A is determined with respect to the maximum per- 
missible input to the amplifier in its drain current charac- 
teristic. The load curve A is given by the gate bias 
V g =E a . With this bias V g =E a , the maximum drain 
current is l^^, and by selecting the operating point a 
such that the drain current I a =l amax /2 , it is possible to 



maximize the input level that can be amplified substan- 
tially linearly. However, since the drain current l a at the 
operating point a always flows even during the no-input 
period, the operation efficiency, of the amplifier 

5 decreases accordingly. Then, when the input signal is 
small in level, if the operating point is shifted to b by set- 
ting the gate bias voltage V g at V g =E b that is smaller 
than E a as indicated by the curve B in Fig. 10A, the 
drain current l b can be made small when no input is 

to applied or when the input signal level is low; hence, it is 
possible to improve the operation efficiency of the 
amplifier. By using this method to lower the gate bias V g 
of each of the amplifiers 12 and/or 13 supplied with 
power in the regions (II) and/or (III) described previ- 

75 ously. for example, in respect of Figs. 3A through 3D, 
the operating point is shifted to the point b on the load 
curve B, by which it is possible to suppress impairment 
of the operation efficiency. 

[0023] In Fig. 1 1 there is illustrated an embodiment 
20 which uses the FET amplifier of Fig. 9 as each of the 
pre- and main amplifiers 12 and 13 and controls their 
gate bias voltages V g to enhance the amplifier effi- 
ciency. Between the input terminal 10 and the output 
terminal 14 there are connected in cascade the gain- 
25 controlled amplifier 11, the pre-amplifier 12 and the 
main amplifier 13, and gate bias voltages are controlled 
which are applied to terminals 12G and 13G of the pre- 
and main amplifiers 12 and 13. The battery 27 outputs 
the maximum bias voltage E H and the minimum bias 
30 voltage E L , which are fed not only to a voltage converter 
53 but also to a switch 51, and the bias voltage E L is 
applied to a switch 52. 

[0024] The switch 51 responds to a control signal from 
the control signal generator 25 to select any one of the 

35 maximum bias voltage E H , the minimum bias voltage E L 
and its OFF state; this switch is connected to the termi- 
nal 12G. The voltage converter 53 responds to a control 
signal from the control signal generator 25 to output a 
given address-corresponding voltage within the range 

40 of from the minimum bias voltage E L to the maximum 
bias voltage E H) and the output voltage is applied to the 
gate bias terminals 12G and 13G via switches 54 and 
55, respectively. 

[0025] Within the range of values corresponding to the 
45 minimum to maximum values of the transmitting power 
controlling degree, for instance, from 0 to 255, the up- 
down counter 24 counts up by 1 upon each reception of 
the output increase control signal from the base station 
and counts down by 1 upon each reception of the output 
so decrease control signal. The count value is provides, as 
an address corresponding to the transmitting power 
controlling degree, to the control signal generator 25 
formed by a memory as referred to previously, from 
which a gain controlling degree for the gain-controlled 
55 amplifier 1 1 , connection control signals for the switches 
51, 52, 54 and 55 and a bias controlling degree for the 
voltage converter 53 are read out and applied to the 
respective parts. 
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[0026] Fig. 8A shows, like Fig. 3A, the relationship 
between the transmitting power controlling degree (cor- 
responding to the address) and the transmitting power 
of the radio transmission amplifier unit of Fig. 7; this 
example also divides the transmitting power controlling 
degree into three regions (I), (II) and (III), and effects 
control to increase the efficiency of the amplifier unit in 
each region. 

[0027] Fig. 8B depicts an example of gate bias control 
for the pre- and main amplifiers 12 and 13. In the small 
transmitting power region (I) the switches 51 and 52 are 
connected to the voltage E L and the switches 54 and 55 
are turned OFF so that the minimum gate bias voltage 
E L is applied to the two amplifiers 12 and 13. Accord- 
ingly, in this region the amplifiers 12 and 13 are set, for 
instance, on the load curve B as described previously 
with respect to Fig. 6B, and consequently, the drain cur- 
rent at their operating point takes a small value mak- 
ing it possible to enhance the operation efficiency of the 
amplifiers 12 and 13 as a whole in this region as 
depicted in Fig. 8C. 

[0028] In the medium transmitting power region (II) the 
amplifier 13 is supplied with the same low gate bias volt- 
age E L as in the region (I) in this example. Hence, the 
switches 52 and 55 are in the same state as in the case 
of the region (I). The amplifier 12 is supplied with a gate 
bias voltage that goes higher with an increase in the 
transmitting power controlling degree as shown in Fig. 
8B. That is, in the region (II) the output voltage of the 
voltage converter 53 is applied to the terminal 12G by 
turning OFF the switch 51 and ON the switch 54. The 
voltage converter 53 varies the output voltage from E L 
to E H with the transmitting power controlling degree in 
the region (II). Accordingly, in this region, as the gate 
bias varies from E L to E H , the load line described previ- 
ously with reference to Fig. 6B gradually shifts from the 
position B to A. 

[0029] In the large transmitting power region (III), as 
shown in Fig. 8B, the gate bias voltage V g for the ampli- 
fier 12 is held at the maximum value E H , and the gate 
bias voltage for the amplifier 13 is gradually increased 
from E L to E H with the transmitting power controlling 
degree. That is, in this region (III) the bias voltage E H is 
applied to the gate bias terminal 12G of the amplifier 12 
by connecting the switch 51 to the high bias voltage E H 
and turning OFF the switch 54. On the other hand, the 
output voltage of the voltage converter 53 is applied to 
the gate bias terminal 13G of the amplifier 13 by turning 
OFF the switch 52 and ON the switch 55. In this region, 
too, the voltage converter 53 outputs a voltage that var- 
ies from El to E H with the transmitting power controlling 
degree. 

[0030] In the control signal generator 25 formed by a 
memory there are prestored, at each address corre- 
sponding to one particular value of the transmitting 
power controlling degree, control signals that are used 
to specify the gain to be set in the gain-controlled ampli- 
fier 1 1, the connections of the switches 51, 52, 54 and 



55, and the voltage to be converted by the voltage con- 
verter 53; the output from the up-down counter is used 
as an address to read out these control signals. 
[0031] As described above, according to the Fig. 7 

5 embodiment, by controlling the bias voltages for the 
inputs of the pre- and main amplifiers 12 and 13, the 
operation efficiency of the radio transmission amplifier 
unit is greatly improved in the region (I) wherein the 
transmitting power controlling degree is small, and in 

10 the medium and large regions (II) and (III), too, the effi- 
ciency is improved by the bias voltage control. Inciden- 
tally, while the above embodiment has been described 
in connection with the case where the transmitter of the 
mobile station generates the transmitting power control- 

15 ling degree in response to the transmitting power con- 
trol signal from the base station in the mobile radio 
system, the amplifier unit of the present invention is not 
limited specifically thereto; for example, it is possible to 
set a desired transmitting power in the transmitter by the 

20 user of the transmitting device without using the up- 
down counter 24 and to apply the set transmitting power 
as the transmitting power controlling degree to the con- 
trol signal generator 25. This also applies to the embod- 
iments described below. 

25 [0032] Fig. 9 illustrates an embodiment which com- 
bines the amplifier power-supply ON/OFF control in the 
Fig. 2A embodiment and the amplifier gate-bias control 
in the Fig. 7 embodiment. In Fig. 9 the parts corre- 
sponding to those in Fig. 2B and 7 are marked with the 

30 same reference numerals. In the embodiment, in the 
small transmitting power controlling region (I) the power 
supplies to the pre- and main amplifiers 12 and 13 are 
turned OFF so that the output from the gain-controlled 
amplifier 1 1 is provided to the terminal 14 (via the route 

35 A-B-E-F-G-D), and in the medium transmitting power 
controlling region (II) the power supply to the main 
amplifier 13 is turned OFF so that the output from the 
pre-amplrfier 12 is provided to the output terminal 14 
(via the route A-B-C-F-G-D). For the sake of brevity, 

40 however, the switches 15, 16, 18, 19, 21 and 22 for 
route switching use, depicted in Figs. 2A and 4, are not 
shown but only the route points A, B, C, D, E, F and G 
are shown. 

[0033] As is the case with Fig. 7, the power-supply 
45 battery 27 provides a power-supply voltage E s to the 
power-supply terminals 1 2D and 1 3D of the amplifiers 
1 2 and 1 3 via switches 28 and 29 and, at the same time, 
provides the high bias voltage E H and the low bias volt- 
age E L to the voltage converter 53. Furthermore, the 
so battery is capable of providing the high bias voltage E H 
to the gate bias terminals 1 2G and 1 3G via the switches 
51 and 52. The voltage converter 53 is capable of out- 
putting a desired voltage in the range of from the voltage 
E L to E H in response to a control signal and providing 
55 the output voltage to the gate bias terminals 12G and 
13G via the switches 54 and 55. 
[0034] In the small transmitting power controlling 
region (I), since only the gain-controlled amplifier 11 is 
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used as described previously with reference to Fig. 4, 
the switches 51 , 52, 54 and 55 are alt turned OFF and 
the switches 28 and 29 leading to the power-supply ter- 
minals 1 2D and 1 3D of the pre- and main amplifiers 12 
and 1 3 so that the output from the gain-controlled ampli- 5 
tier 11 provided to the terminal 14 via the route B-E-F- 
G-F. 

[0035] In the medium transmitting power controlling 
region (II), the switches 52 and 55 are both turned OFF 
so as to bypass the main amplifier 1 3 as referred to pre- 10 
viously. Moreover, the switch 51 is turned OFF and the 
switch 54 ON to supply the output from the voltage con- 
verter 53 to the gate bias terminal 12G of the pre-ampli- 
fier 12, and as depicted in Fig. 10A, the output from the 
voltage converter 53 is varied from E L to E H with an is 
increase in the transmitting power controlling degree in 
this region. 

[0036] In the large transmitting power controlling 
region (111), the switch 52 is turned OFF and the switch 
55 ON to apply the output voltage from the voltage con- 20 
verter 53 to the gate bias terminal 13G of the main 
amplifier 13, and as depicted in Fig. 10A, the output 
voltage from the voltage converter 53 is varied from E L 
to E H as the transmitting power controlling degree is 
increased in this large transmitting power controlling 25 
region. Furthermore, the switch 51 is turned ON and the 
switch 54 OFF to apply the maximum bias voltage E H to 
the gate bias terminal 12G of the pre-amplifier 13. 
[0037] By such control as described above, the ampli- 
fication efficiency with respect to the transmitting power 30 
controlling degree improves in any of the small, medium 
and large transmitting power regions (I), (II) and (III) as 
compared with the efficiency obtainable with the prior 
art. The transmitting power controlling degree, which is 
the output from the up-down counter 24, is provided as 35 
an address to the control signal generator 25 formed by 
a memory, from which the corresponding control signal 
is read out to set the gain of the gain-controlled amplifier 
1 1 , the voltage to be converted by the voltage converter 
53 and the connection of the switches 28, 29, 51 , 52, 54 40 
and 55 and the switches 15, 16, 18, 21 and 22 referred 
to in respect of Fig. 4. 

[0038] The efficiency of the pre- and main amplifiers 
12 and 13, each formed by the FET as described previ- 
ously, can be raised by operating them as Class C 45 
amplifiers. The embodiments described above perform 
Class AB amplification, but distortion occurs more or 
less. This distortion is affected, in particular, by the tem- 
perature and power-supply voltage of the main amplifier 
13. Referring to Fig. 11, an example will be described so 
below which compensates for this distortion. In Fig. 1 1 
signals on two paths from a D/A converter 61 under- 
goes quadrature modulation by an quadrature modula- 
tor 62, and the modulated output is amplified by an 
amplifier 1 7, thereafter being provided to the output ter- 55 
mina! 14. The temperature of the amplifier 17 is 
detected by a temperature sensor 63 and the detected 
temperature signal is converted by an A/D converter 69 



to digital form. This digital value, the operating power- 
supply voltage of the amplifier 17 and a modulation sig- 
nal Sj from a modulation signal generator 64 are fed into 
an address generator 65, and an address generated by 
the address generator 65 is used to read out of a distor- 
tion compensating signal generator 66 formed by a 
memory a distortion compensating signal <J>|. The distor- 
tion compensating signal <fc and the modulation signal Sj 
are linearly combined in a distortion compensating cir- 
cuit 67, and the combined output Sj+fo is applied to the 
D/A converter 61. 

[0039] As depicted in Fig. 12, the modulation signal Sj 
undergoes a phase distortion (-<|>j) in the amplifier 1 7, 
but a signal <J>j which cancels the distortion -<fc is added 
to the signal Sj and the added signal is fed to the quad- 
rature modulator 62; hence, the modulation signal pro- 
vided as the output from the amplifier 17 becomes a 
distortionless signal Sj. 

[0040] Fig. 13 illustrates an example of a combination 
of the embodiments described above. In Fig. 13 the 
parts corresponding to those in Fig. 2A, 4, 7A and 10 
are identified by the same reference numerals and no 
description will be repeated with respect to them. A car- 
rier signal of an oscillator 72 composed of a PLL and a 
VCO, based on a signal of a reference signal generator 
71 is fed to the quadrature modulator 62, and the output 
from the quadrature modulator 62 is provided to the 
gain-controlled amplifier 11 after being up-converted in 
a frequency converter 74 by a high-frequency carrier 
signal from an oscillator 73 composed of a PLL and 
VCO, based on the signal of the reference signal gener- 
ator 71 . The output from the gain-controlled amplifier is 
fed to the pre-amplifier 12 via an intermediate-fre- 
quency filter 75. The control signal generator 25 is 
adapted to generate also a signal 76 which controls the 
voltage to be converted by the voltage converter 53 and 
a bias switching control signal group 77 which controls 
the switches 51, 52, 54 and 55 to switch between the 
input-side bias terminals 12G and 13G of the amplifiers 
12 and 13 and the battery 27 and the voltage converter 
53. Moreover, the voltage of the battery 27 is provided 
as the power-supply voltage to the address generator 
65 after being converted by an A/D converter 78 to a 
digital value, and the switching control signal group 26 is 
also applied to the address generator. 

EFFECT OF THE INVENTION 

[0041] As described above, according to the present 
invention, the operation efficiency of the radio transmis- 
sion amplifier unit can be enhanced by bypassing the 
pre-amplifier 12 and/or the main amplifier 13 according 
to the transmitting power level and turning OFF the 
power supply to the bypassed amplifier. Besides, by 
effecting gain control for the gain-controlled amplifier 1 1 
in accordance with the transmitting power level, the 
amplifier efficiency can be made relatively high at both 
medium and small levels, and the power consumption 
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can be reduced. Alternatively, the efficiency can be 
raised by shifting the amplifier load curve by controlling 
the input-side bias voltages to the pre- and main ampli- 
fiers 12 and 13 in accordance with the transmitting 
power. 5 
[0042] Moreover, the use of a distortion compensating 
means increases the efficiency although distortion 
occurs a little in the amplifier, that is, it is possible to 
achieve highly efficient amplification with the distortion 
compensated for. 10 

Claims 

1 . A radio transmission amplifier unit which amplifies a 
signal fed to an input terminal and provides the 15 
amplified signal to an output terminal, comprising: 

a plurality of amplifiers provided between said 
input terminal and said output terminal and 
each having a power supply terminal; 20 
power supply means for supplying power to 
said plurality of amplifiers; 
power-supply switching means for selectively 
connecting said power supply means to the 
power supply terminals of said plurality of 25 
amplifiers to supply thereto power; 
route switching means for switching the cas- 
cade connection of said plurality of amplifiers to 
connect the output of a selected one of said 
amplifiers to said output terminal ; and 30 
control signal generating means for generating 
switch control signals which specify the con- 
nection by said power-supply switching means 
and the state of connection by said route 
switching means in accordance with a transmit- 35 
ting power controlling degree corresponding to 
the transmitting power level and for applying 
said switch control signals to said power-supply 
switching means and said route switching 
means, respectively. 40 

2. The unit of claim 1 , wherein said control signal gen- 
erating means comprises: transmitting power con- 
trolling degree generating means for outputting a 
transmitting power controlling degree correspond- 45 
ing to a required transmitting power level; and a 
control signal generator for generating said switch 
control signals in accordance with said transmitting 
power controlling degree. 

so 

3. The unit of claim 1 or 2, wherein: the transmitting 
power level is divided into a predetermined number 
of regions; and said control signal generating 
means generates switch control signal for specify- 
ing the connection of said power-supply switching 55 
means and the connection of said route switching 
means for each of said regions. 



4. The unit of claim 2, wherein: at least one of said plu- 
rality of amplifiers is a gain-controlled amplifier; and 
said control signal generator generates a gain con- 
trol signal for controlling the gain of said gain-con- 
trolled amplifier in accordance with said 
transmitting power controlling degree. 

5. The unit of claim 2, wherein: said control signal 
generator includes memory means in which there 
are prestored, in an address area corresponding to 
said transmitting power controlling degree, said 
switch control signals which specify the connection 
of said power-supply switching means and said 
route switching means in accordance with said 
transmitting power controlling degree; and said 
transmitting power controlling degree provided to 
said memory means is used as an address to read 
out therefrom said switch control signals and said 
gain control signal in the corresponding address 
area, said switch control signals and said gain con- 
trol signal being applied to the respectively corre- 
sponding parts. 

6. The unit of claim 5, wherein: at least one of said plu- 
rality of amplifiers is a gain-controlled amplifier; 
said control signal generator generates a gain con- 
trol signal for controlling the gain of said gain-con- 
trolled amplifier; and said memory means has 
stored, in its address area corresponding to said 
transmitting power controlling degree, said gain 
control signal corresponding thereto. 

7. The unit of claim 4 or 6, wherein: said plurality of 
amplifiers includes first and second amplifiers cas- 
cade-connected to the output side of said gain-con- 
trolled amplifier, said transmitting power level is 
divided in predetermined small, medium and large 
regions; and said control signal generating means 
is means which: 

in said small transmitting power level region, 
disconnects said power supply means by said 
power-supply switching means from said 
power-supply terminals of said first and second 
amplifiers, and selects and connects the output 
of said gain-controlled amplifier by said route 
switching means to said output terminal, 
thereby changing the gain of said gain-control- 
led amplifier in accordance with said transmit- 
ting power controlling degree; 
in said medium transmitting power level region, 
connects said power supply means by said 
power-supply switching means to the power- 
supply terminal of said first amplifier and dis- 
connects said power supply means from the 
power-supply terminal of said second amplifier, 
connects said gain-controlled amplifier and 
said first amplifier in cascade by said route 
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switching means and, at the same time, selects 
and connects the output of said first amplifier to 
said output terminal, thereby changing the gain 
of said gain-controlled amplifier in accordance 
with said transmitting power controlling degree; 5 
and 

in said large transmitting power level region, 
connects said power supply means by said 
power-supply switching means to said power- 
supply terminals of said first and second ampli- 10 
tiers, and selects and connects the output of 
said second amplifier by said route switching 
means to said output terminal, thereby chang- 
ing the gain of said gain-controlled amplifier in 
accordance with said transmitting power con- 15 
trolling degree. 



select switching means in correspondence to said 
transmitting power controlling degree, and a bias 
voltage control signal for specifying the conversion 
voltage of said voltage converting means in accord- 
ance with the said transmitting power controlling 
degree. 

The unit of claim 10, wherein: said plurality of ampli- 
fiers include a gain-controlled amplifier connected 
in cascade to said first and second amplifiers; said 
transmitting power level is divided into predeter- 
mined at least small, medium and large regions; 
said first and second bias voltages set different 
operating points for said first and second amplifiers; 
and said control signal generating means is means 
which: 



8. The unit of claim 2, wherein: said power supply 
means outputs at least first and second different 
bias voltages; bias select switching means is pro- 20 
vided for selectively providing said first and second 
bias voltages to the input side of at least one of said 
plurality of amplifiers to set said at least one ampli- 
fier at a different operating point; and said control 
signal generator generates a bias control signal for 25 
selecting either one of said first and second bias 
voltages and provides said bias control signal to 
said bias select switching means. 

9. The unit of claim 2, wherein said control signal gen- 30 
erator generates a bias control signal that specifies 

a variable bias voltage in accordance with said 
transmitting power controlling degree, and said unit 
includes: voltage converting means for converting a 
voltage provided thereto from said power supply 35 
means to a specified bias voltage in response to 
said bias control signal; and bias select switching 
means for selectively providing said bias voltage to 
the input side of at least one of said plurality of 
amplifiers to set its operating point corresponding to *o 
said bias voltage. 

10. The unit of claim 2, wherein: said plurality of ampli- 
fiers include first and second amplifiers; said power 
supply means outputs first and second different 45 
bias voltages; said unit includes voltage converting 
means supplied with said first and second bias volt- 
ages from said power supply means, for outputting 

a converted voltage of a value between said first 
and second bias voltages in accordance with said so 
transmitting power controlling degree, and bias 
select switching means for selectively providing 
said first and second bias voltages and the con- 
verted output voltage of said voltage converting 
means as a bias voltage to the input side of each of 55 
said first and second amplifiers; and said control 
signal generating means outputs a bias switch con- 
trol signal for controlling the selection of said bias 



in said small transmitting power level region, 
disconnects said power supply means by said 
power-supply switching means from said 
power-supply terminals of said first and second 
amplifiers, selects and connects the output of 
said gain-controlled amplifier by said route 
switching means to said output terminal, and 
cuts off, by said bias select switching means, 
the bias voltages from said power supply 
means to said first and second amplifiers, 
thereby changing the gain of said gain-control- 
led amplifier in accordance with said transmit- 
ting power controlling degree; 
in said medium transmitting power level region, 
connects said power supply means by said 
power-supply switching means to the power- 
supply terminal of said first amplifier and dis- 
connects said power supply means from the 
power-supply terminal of said second amplifier, 
connects said gain-controlled amplifier and 
said first amplifier in cascade by said route 
switching means and, at the same time, selects 
and connects the output of said first amplifier to 
said output terminal, provides the output from 
said voltage converting means as a bias volt- 
age to the input side of said first amplifier and 
said second bias voltage to the input side of 
said second amplifier, thereby changing the 
gain of said gain-controlled amplifier in accord- 
ance with said transmitting power controlling 
degree and, at the same time, changing the 
converted output voltage of said voltage con- 
verting means conespondingly; and 
in said large transmitting power level region, 
connects said power supply means by said 
power-supply switching means to said power- 
supply terminals of said first and second ampli- 
fiers, connects said gain-controlled amplifier 
and said first and second amplifiers in cascade 
by said route switching means and selects and 
connects the output of said second amplifier to 
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said output terminal, provides said first bias 
voltage to the input side of said first amplifier 
and the converted output voltage of said volt- 
age converting means as a bias voltage to the 
input side of said second amplifier, thereby 5 
changing the gain of said gain-controlled ampli- 
fier in accordance with said transmitting power 
controlling degree and. at the same time, 
changing the converted output voltage of said 
voltage converting means correspondingly. 10 

1 2. A radio transmission amplifier unit which amplifies a 
signal fed to an input terminal and provides the 
amplified signal to an output terminal, comprising: 

15 

a plurality of amplifiers provided between said 
input terminal and said output terminal and 
each having a power supply terminal; 
power supply means for outputting at least first 
and second different bias voltages; 20 
bias select switching means for selectively pro- 
viding either one of said first and second bias 
voltages to the input sides of said plurality of 
amplifiers to selectively set their operating 
points; and 25 
control signal generating means for generating 
a bias selection control signal which controls 
the selection of said bias select switching 
means. 

30 

13. The unit of claim 12, wherein: said control signal 
generating means generates a bias control means 
for specifying a variable bias voltage in accordance 
with said transmitting power level; said amplifier 
unit further comprises voltage converting means for 35 
converting a voltage from said power supply means 

to a variable bias voltage specified by said bias con- 
trol signal; and said bias select switching means 
responds to said bias control signal to selectively 
apply any one of said first and second bias voltages 40 
and said variable bias voltage to the input sides of 
said plurality of amplifiers to set them at the corre- 
sponding operating points. 

14. The unit of claim 12, wherein said control signal 45 
generator comprises transmitting power controlling 
degree generating means for outputting a transmit- 
ting power controlling degree corresponding to a 
requested transmitting power level, and a control 
signal generator for generating said switch control so 
signal corresponding to said transmitting power 
controlling degree. 

15. The unit of claim 14, wherein: at least one of said 
plurality of amplifiers is a gain-controljed amplifier; 55 
and said control signal generator generates a gain 
control signal for controlling the gain of said gain- 
controlled amplifier in accordance with said trans- 



mitting power controlling degree. 

16. The unit of claim 15, wherein: said control signal 
generator includes memory means in which there 
are prestored, in an address area corresponding to 
said transmitting power controlling degree, said 
switch control signal for specifying the connection 
of said bias select switching means in accordance 
with said transmitting power controlling degree, 
said gain control signal for controlling the gain of 
said gain-controlled amplifier in accordance with 
said transmitting power controlling degree, and said 
bias control signal for specifying the converted out- 
put voltage of said voltage converting means; and 
said transmitting power controlling degree provided 
to said memory means is used as an address to 
read out therefrom said switch control signals and 
said gain control signal in the corresponding 
address area, said switch control signal and said 
gain control signal being applied to the respectively 
corresponding parts. 

1 7. The unit of claim 1 6. wherein: said plurality of ampli- 
fiers includes first and second amplifiers; a prede- 
termined range of said transmitting power level is 
divided into predetermined small, medium and 
large regions; said two bias voltages are a first bias 
voltage for setting a first operating point of the 
amplifier, and a second bias voltage for setting a 
second operating point at which an output of a 
higher level than at said operating point can be pro- 
vided; 

in said small transmitting power level region, 
said first bias voltage is applied to the input 
sides of said first and second amplifiers, 
thereby changing the gain of said gain-control- 
led amplifier in accordance with said transmit- 
ting power controlling degree; 
in said medium transmitting power level region, 
the output from said voltage converting means 
is provided as a bias voltage to the input side of 
said first amplifier, said second bias voltage is 
applied to the input side of said second ampli- 
fier, thereby changing the gain of said gain- 
controlled amplifier in accordance with said 
transmitting power controlling degree and, at 
the same time, changing the converted output 
voltage of said voltage converting means corre- 
spondingly; and 

in said large transmitting power level region, 
said first bias voltage is provided to the input 
side of said first amplifier and the converted 
output voltage of said voltage converting 
means is provided as a bias voltage to the input 
side of said second amplifier, thereby changing 
the gain of said gain-controlled amplifier in 
accordance with said transmitting power con- 
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trolling degree and, at the same time, changing 
the converted output voltage of said voltage 
converting means correspondingly. 

18. The unit of claim 4, 11, or 15, wherein said gain- 5 
controlled amplifier is provided as a first stage of 
said unit and which comprises: 

a temperature sensor for detecting the temper- 
ature of a last-stage one of said plurality of 10 
amplifiers; 

an address generator supplied with a detected 
temperature signal from said temperature sen- 
sor and a modulated version of a signal to be 
amplified by said main amplifier, for generating 15 
an address; 

a distortion compensating signal generator 
formed by a memory which is read out by said 
address, for generating a distortion compen- 
sating signal; and 20 
a distortion compensating circuit connected to 
the preceding stage of said gain-controlled 
amplifier, for combining said modulated signal 
with said distortion compensating signal. 

25 

19. The unit of claim 18, wherein the switch control sig- 
nal and the gain control signal from said control sig- 
nal generating means are also input as an address 
into said distortion compensating signal generator. 
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